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The International Joint Commission’s Groundwater Priority for the current
biennial cycle is:
"Based on work conducted by the Science Advisory Board (SAB),
the Board recommended in its 1991 report that the Commission
issue a Special Report to Governments on the urgency of
addressing groundwater contamination in the basin. Commission
staff will compile information on the nature, extent, and urgency of
groundwater contamination in the basin. This information will be
prepared in the form of a summary document which will be
circulated to the SAB, Water Quality Board (WQB) and others for
review and comment. Based on this review, the Commission will
consider a special report to Governments using material assembled
under this priority work element. Additional funds may be sought
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Putting the Pieces Together — Thoughts on Making
Groundwater Management Decisions
Sources of Drinking Water in the Great Lakes Basin
Anthropogenic Sources of Groundwater Contamination
Density of Hazardous Waste Sites in Great Lakes Basin
Counties
Lake Ontario Mirex Concentrations in Lake Trout (Aged 4+)
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Block Diagram of Niagara Gorge Adjacent to the Hyde Park
Landﬁll Site
Photograph Showing Leaching from the Niagara Gorge Face
Overlay of Atrazine Application Rates and Drastic Ratings
Nitrite and Nitrate Concentrations in the Great Lakes
A Typical Underground Storage Tank Facility
Distribution of Nuclear Power Plants and Waste Storage Sites
in the Great Lakes Basin
Schematic of Closed Loop Heat Pump System



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.0 GROUNDWATER, A COMPONENT OF THE GREAT LAKES HYDROLOGIC
CYCLE
Groundwater is an important, though often overlooked, component of the Great Lakes
hydrologic cycle, both in terms of water quantity and quality. Although the underground
movement of water is believed to be a major pathway for the transport of pollutants to the
Great Lakes, most aquifers in the basin are not well defined. Approximately 14.8 million
residents or 39% of the Great Lakes basin population depend on groundwater for their
drinking water (Table 2.0.1). Most localities which do depend on an aquifer as the source of
drinking water have little knowledge of the aquifer’s boundaries, how it is recharged, its
potential yield, or how it is connected to other aquifers and ultimately to the Great Lakes.
Table 2.0.1 Sources of Drinking Water in the Great Lakes Basin
State or Total Population Population Percentage
Province Population Served by Served by Served by
in Basinl Surfacewater Groundwater Groundwater
Systems2 Systems3 Systems
Illinois 5,779,600 2,996,700 2,782,900 48
Indiana 1,699,300 603,400 1,095,900 64
Michigan 9,239,800 6,212,800 3,027,000 33
Minnesota 320,700 90,300 230,400 72
New York 4,377,800 2,883,200 1,494,600 34
Ohio 5,227,500 3,123,900 2,103,600 40
Ontario4 7,784,800 5,994,300 1,790,500 23
Pennsylvania 381,000 220,800 160,200 42
Wisconsin 3,206,900 1,083,900 2,123,000 66
Great Lakes
Basin Total 38,017,400 23,209,300 14,808,100 39
1Total population in all counties with any land in the Great Lakes basin; from "U.S. Great Lakes: Drainage
Basin County Summary", U.S. EPA, Great Lakes National Program, July 1990.
2Estimated Basin population served by surface water systems, obtained from U.S. Geological Survey. 1987.
National Water ng 1987 — Hydraulic Events and Water Supply and Use. Water Supply Paper 2350.
3Estimated Basin Population that is served by groundwater based systems, obtained from U.S. Geological
Survey, [bid.
4Ontario ﬁgures from Toxic Chemicals in the Great Lakes and Associated Effects, March 1991, Environment



















































































indirect discharge is approximately equivalent to the mean monthly flow in the St. Marys
River, which is 2,125 m3/sec (~75,000 cfs).


































   


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
  
     





Figure 3.1.2 Lake Ontario Mirex Concentrations in Lake Trout (Aged
4+) and Rainbow Smelt, 1977-1991
3.2 Chlorinated Solvents
Chlorinated solvents are a class of non-aqueous compounds with a wide range of
industrial use. Methylene chloride, trichloroethane, trichloroethylene (TCE),
tetrachloroethylene (perchloroethylene or PCB) and carbon tetrachloride account for the vast
majority of the 1.5 to 1.75 billion pounds (680 to 800 million kg) consumed annually in the
US.29 It is estimated that only one percent of chlorinated solvents are recovered for re-use,
the remainder either released into the environment directly (94 percent) or used as an
intermediate in the production of other products (5 percent).29 Due to their volatile nature,
much of this loss can be attributed to evaporation, although significant quantities of
chlorinated solvents are introduced to the groundwater environment from leaking storage
tanks, deliberate or accidental spills, and conventional disposal practices. Municipal landﬁlls
also leach chlorinated solvents into groundwater,30 and dry-cleaning operations have been
implicated as a major source of groundwater contamination in most Great Lakes basin
jurisdictions.
Chlorinated solvents are toxic to wildlife and humans, suspected carcinogens, extremely
persistent, are not readily trapped by soil binding processes and can form contaminant
"blobs" in an aquifer, dissolving gradually to pose a long-term pollution hazard.”31 In














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Levels of nitrate in the Great Lakes themselves, while not at levels of regional
concern, are escalating.
Nitrate-nitrogen levels in Lake Ontario more than doubled between
1968 and 1987 to 377ug/L.
These increasing nitrate concentrations in each of the Great





















   
     
Figure 3.4.1 Nitrite and Nitrate Concentrations in the Great Lakes
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3.5 Pathogens
Contamination of drinking and recreational water supplies by pathogenic
microorganisms is a significant threat to human health. Enteric bacteria, viruses and
protozoa can infect groundwater supplies through contaminated efﬂuent from septic systems,
field application of poultry and other livestock waste (slurry), burial of animal carcasses and
offal, feedlot waste runoff, land application of municipal sewage and municipal landfill
operations (which accept hospital waste and billions of disposable diapers and feminine
hygiene products annually). Microbial transport studies indicate that subsurface infiltration,
transport and persistence vary considerably depending on the type of organism, the
geochemical composition of the soil, velocity of groundwater ﬂow, and the presence of
fractures or other macropores (such as worm tunnels) that facilitate rapid inﬁltration and
transport of contaminated water.”'2°'21-22 Viruses, which can cause serious illness, are
capable of persisting in the subsurface for months and migrating extensively from their points
of introduction.17 Most pathogenic microorganisms are able to survive for extended periods
of time in the subsurface, where they are shielded from surface-related stresses such as
ultraviolet radiation and higher and more variable temperatures?24
Once in groundwater, microbial pathogens are capable of infecting neighbouring
wells, streams and lakes fed by that aquifer. Groundwater thus plays a poorly deﬁned but
potentially signiﬁcant role in the transfer of pathogenic microorganisms to the Great Lakes.
Beach closings and periodic outbreaks of microbial—induced disease are a direct result of
pathogenic contamination of the Great Lakes, though the source of this contamination is often
difﬁcult to determine. Tile drain efﬂuent has been implicated as a cause of microbial
contamination of Great Lakes beaches,”26 and fecal coliform contamination of groundwater
has resulted in coliform levels that exceed current provincial drinking water objectives for 36
percent of Ontario farm wells in the Great Lakes basin.6
Recent outbreaks of cryptosporidiosis, resulting in more than 400,000 cases of
gastroenteritis in Milwaukee, Wisconsin and several hundred in Kitchener, Ontario,
underscore the fact that municipal water treatment does not preclude the possibility of
widespread exposure to pathogenic microorganisms. This is particularly true for viral and
protozoan pathogens, which are more resistant to chlorination than bacterial species.27 A
study of viral persistence in treated drinking water from the Great Lakes system found that
viruses were present in tapwater even though indicator bacteria were not.28 Water—home
viral pathogens can be infective in very small doses (one to ten organisms) and are known to
be causative agents of polio, hepatitis A and various forms of gastroenteritis.17 Since many
cases of viral gastroenteritis go unreported and it is often difﬁcult to link a viral infection to
a specific source, impacts of groundwater-home viral contamination in the Great Lakes















































































































































































































































































































































































































































































































































































































































































































































































































































 they are soluble in water and partition out of the hydrocarbon layer (LNAPLs, which ﬂoat on
the water table) to infiltrate the entire aquifer.47 These pollutants cannot be removed by
conventional drinking water treatment methods and are persistent in the reduced oxygen
conditions present in groundwater systems.“ Benzene is a known humancarcinogen (group
A), while exposure to toluene, ethylbenzene and xylene have been linked to central nervous
system disorders, and liver and kidney impairment.49
Vent Pipes
Figure 3.6.1 A Typical Underground Storage Tank Facility
3. 7 Radionuclides
Radionuclides in Great Lakes basin groundwater have anthropogenic and natural
sources. Anthropogenic uranium and those products formed by the decay of uranium are
present in groundwater due principally to uranium mining in Wisconsin, Minnesota and
Ontario. Uranium also occurs naturally, and is especially prevalent in deep aquifers.
Uranium undergoes a natural decay process in which other radionuclides are produced.
One of the dangerous uranium daughters is radon, the most volatile transuranic
element which is often present in groundwater and organic soils in the Great Lakes basin.
The Columbus and Delaware limestone units in Ohio are associated with high aquifer radon
content, averaging 1,186 pCi/L. High radon levels indrinking water have been linked to a









































Uranium mining is a source of radionuclides. Uranium and other radionuclides
chelate with natural or synthetic agents to form soluble complexes.”51 Consequently,
uranium mine tailings are frequent sources of groundwater contamination, such as in the
Elliot Lake and Bancroft areas of Ontario, where many uranium mines are or were located.
Uranium tailings from Elliot Lake mines has increased levels of uranium series radionuclides
in the Serpent River, causing lake sediment and lake water uranium levels in Serpent
Harbour, on Lake Huron, to increase.
Hot spots in Port Hope Harbour sediment, on Lake Ontario, are contaminated with
uranium, radium, thorium and radioactive lead. Contamination is believed to be the result of
waste management practices associated with local radium and uranium reﬁneries.52 Low-
level radioactive waste in the amount of 1.5 million tonnes (1.65 million tons) is buried in
and around Port Hope, which also contributes to high radionuclide levels in the harbour.53
The Port Granby, Ontario waste management site disposes of uranium wastes from the Port
Hope reﬁnery. Radium-226 and uranium are leached from the site and contaminate
groundwater. Groundwater is estimated to transport 25 kg (55 lbs) of uranium from the site
to Lake Ontario every year.5“'55'56 At a low—level radioactive waste site in West Valley, New
York, radioactive wastes were buried until 1975 and wastes are leaching into groundwater
and then to surface water. Radioactive gases are also produced at this site.57
Fifteen nuclear generating stations are located in the Great Lakes basin (Figure 3.7.1). All
produce high-level radioactive waste, which is currently stored onsite. The Palisades and
Donald C. Cook storage sites will both be full by 1995. At Palisades, concrete storage
canisters installed 150 yards (137 metres) from Lake Michigan have recently been approved
for use.
Other sources of radionuclide contamination of groundwater include atmospheric input
of tritium from atomic bomb testing in the 19505 and 19605, the presence of which can be
used to assess groundwater age. There is also concern about past landﬁlling of radioactive
medical wastes. Presently radioactive medical wastes are treated as low-level radioactive
waste, but when nuclear medicine was in its infancy no such provisions were made.
Household smoke detectors, which contain a toxic radioactive material with a half—life of 458
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3. 8 Deicing Compounds
During winter months, large quantities of deicing compounds are used to maintain
ice—free roads, runways and aircraft. The principal road deicing compound is sodium
chloride (salt), while ethylene and propylene glycol are used to deice airplanes, and mixtures
of urea and ethylene glycol are applied to runways. In 1990, 10 million tons (9.1 million
tonnes) of road salt were spread on U.S. highways, an increase from the 0.5 million tons
(0.45 million tonnes) used in 1947.”’”'17 In Ontario, approximately 1.18 million tonnes (1.3
million tons) of road salt are applied annually.” Approximately 25-50 percent of the salt
applied to roads is leached into groundwater, depending on surface permeability, vegetative
cover and roadside drainage conditions.”'”'19
Groundwater contamination by sodium chloride is extensive in aquifers recharged
from regions where roads are heavily salted. Tributary and groundwater loadings have
contributed to an escalation of chloride concentrations in the Great Lakes. Lake Ontario
chloride levels rose from less than 10 mg/L at the turn of the century to 25 mg/L in the late
19605, remaining relatively constant (23 mg/L in 1986) since then, despite declining
industrial inputs of chloride to the Great Lakes.” Algae are particularly sensitive to changes
in chloride concentrations, with increased levels alteringthe algal ﬂora of a surface water
system by favouring salt tolerant species. Chloride concentrations above 10 mg/L may
produce this effect.”
Some 43.5 million litres (11.5 million U.S. gallons) of aircraft deicing compounds
were used in the U.S. in the winter of 1989—1990, the most recent year for which data are
available.” The use of urea as a deicing agent on runways can contribute to groundwater
nitrate contamination. Large commercial jets require up to 15,000 litres (4,000 U.S. gallons)
of deicing solution for a single deicing operation. Between 50-80 percent of the deicing
solution applied to aircraft falls to the ground, where it can contaminate groundwater if
effective containment measures are not provided.” Groundwater ethylene glycol levels of
415 mg/L have been reported near Ottawa International Airport. Technical grade ethylene
glycol is contaminated with 1,4-dioxane, a potential human carcinogen, which is very mobile
and persistent in groundwater.” However, the most extensively documented impact of glycol
is the depletion of available oxygen, since these compounds greatly increase biochemical
oxygen demand (BOD). Even when highly diluted, solutions of these compounds exhibit a
BOD5 rating that is many factors greater than that associated with raw domestic sewage.”
3.9 Heat Pumps
Ground source heat pumps have recently gained popularity as an inexpensive and
efﬁcient method to heat and cool buildings. Closed loop systems, which account for 44
percent of heat pump systems used in Ontario, continually recirculate a heat absorbing media
such as methanol or propylene glycol through a subsurface plumbing system and back into
the building’s heat exchanger. Open loop systems use groundwater as the heat exchange
medium, with spent water being discharged to surface water courses, sewage systems, or




























































































































































































































































































































 4.0 GENERAL CONCLUSIONS/OBSERVATIONS
1.
There is an immediate need to reduce the degree of uncertainty concerning the
\
nature, extent and significance of groundwater contamination in the Great Lakes
Basin Ecosystem. Important areas requiring additional attention are:
the role of speciﬁc geologic and anthropogenic groundwater conduits in
transporting groundwater and contaminants to the Great Lakes;
an assessment of the nature and quantity of contaminants stored in hazardous
waste sites, the extent of groundwater contamination resulting from these
wastes, and associated risks to the Great Lakes ecosystem;
the need to monitor recent increases in Mirex and other contaminants in ﬁsh
and sediments in Lake Ontario and assess the relative contribution of
hazardous waste sites and any other possible sources;
the cumulative impact of human activities on regional groundwater resources
in the Great Lakes basin;
the need for fundamental research concerning persistence, transport and fate of
pathogens and contaminants in and through groundwater aquifers;
the location and signiﬁcance of groundwater aquifers containing elevated levels
of radon.
2.
There is a long-term need to develop the capacity and expertise to understand
and assess groundwater issues. Governments, universities and industries are
encouraged to give greater priority to ensuring that the human resources and
expertise are adequate to meeting this challenge.
3.
































These practices need to be further assessed and modified as
appropriate. Examples include:
the potential to reduce pesticide application rates and pesticide use for purely
aesthetic or cosmetic purposes;
the potential to reduce fertilizer losses by better calibration of fertilizer
application rates with crop nitrate requirements;
the potential to use alternative deicing compounds, especially in areas
susceptible to groundwater pollution;
-31-
the potential to divert/reduce pathogen containing discards (such as
disposables, carcasses and feces) from interim landfill sites not designed to
contain such wastes;
the potential to reduce the risks of groundwater contamination from
underground storage tanks;
the potential to reduce the risks of groundwater contamination as a result of
increased use ofgroundwater—source heat pumps in the basin.
4. A number of management actions to protect groundwater quality and resources
are to be encouraged. Included are:
the promulgation/implementation of effective well-head protection legislation in
Great Lakes basin jurisdictions;
increased attention and remediation of hazardous waste sites on the highly
fractured bedrock of the Lake Ontario basin, the Niagara Frontier and other
geologically similar areas;
the development and standardization (or rationalization) of drinking water
maximum contaminant levels and maximum acceptable concentrations for
pesticides and other persistent toxics in basin jurisdictions;
the regular inspection, maintenance and, where required, replacement with
alternate systems of existing and future septic systems, especially those
adjacent to surface water bodies and aquifers vulnerable to groundwater
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